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‘;'Pf ~CDASTAL CALIFGRNIA METEORGLGGY

Cal1rorn1a Coasta] waters have been defaned g that area betwenn the

Ca]1furn1a coast11rn and @ T1ne start1ng at the Ca]jforn1a & Oregen border at.

the Pac1f1c Ocean

@
-
oy

&

thence to

42:0%. 57H

\icthencetto 41,.0°N. 125.5%W °
| ~thence to 40:0°N 125,5°W

i thence t5 39.0°N"125.0%K:.
| thence to:38.0°N 124.5°N
i thénée to'37.0°N 123.5°%
| thence to 36.0°N  122.5°K
-} thehce to0:35.0°N. 121.5°W
| thenge :16.34,0°N - 120.5%%
~thence te 33.0°N 119.5°K
thence to 32.5°N 118.5°W

and end1ng at the Ca]1fcrnTa-Mex1co border at the Pacz.1c Dcean. The
Ca11forn1a Coastul waters are shown. on F}gure YI-6,

The 11ne descr1b1ng Cai1f0rn1a Coastal Waters doés not form a p@l1t1ca1 _
boundary but 1t is usefu] in descr:b1ng “the fate of pollutants: em1tted off the

) CaT1f0rnia coast The. def1n1t1on of California Coastal Waters was deve]oped

Qy the ARB metearo]ogy staff and was originally presented zs Appendix A to the-

ARB staff réport, Status Report Pegard1ng Adoption by LGCaI A1r Polliticn

Contro] DTStTlCtS of RuTes for the Contro] of Emiss1ons irom L1ahter1ng

Uperatwns February 23 1978. Cahforma cOastaI Haters as. defined above is
the area offshore of Talifornia within which ‘pollutants are 1ikely to be
transported ashore and affect air qua1ity in California's coastai air basqns
V'part:cu]ariy dur1ng the summer, PoITutant émissions releasaed soméwhat te the
We;t af these waters :n summer are likely to be transported southward

_ parallel to the coast. Most ‘coastal marine traff1c passes 3 to 15 miles from
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YI. NEED FOR EMISSIONS REDUCTIONS

A. PREFACE

Three meetings of the Har;ine Vessel Emissions Task Force were held to
*discus;s the need to reduce emissions from marine vessels. The fo]'lovﬁhg
_sections of this chapter detail industry views and staff ffndin’gs. ' State. énd
federal ambieﬁt air quality standards are outlined along with the need and
bases of the standards_. ' The extent qf 'vio]atign_s of the stahdards occirring
in California coastal air basins is presented. Coastal -_Californ'ia.
V meteor_o‘légy, including the Paa_:'ific hiﬁh préssure cell, wind flow 'patter.ns, )
~land/sea breezes, aﬁﬁospheric_inversion#. and fog, is di‘scussed in r’elati’on to
the transport of pollutants. _Evidence from studies in which fnert gases were
released from vessels offshore and fhe. paths of the_'i_nert gases were tr.aced to
shore {tracer studies)- is presented. Resultﬁ of mathematical model ing oi-‘
emnissions from marine vessels are given.. Fiﬁ_a'l‘ly, 't.he fmpﬁct of emissions
 from marine vessels on émbienf air quality is 'a'ss_éss'ed.
B. EXISTING AMBIENT AIR QUALITY | _

~1. Ambient Air Quality Standards and Air Qualfty’nd.ni'i‘;ori'ng

Recognizing that certain minimuni 'standa_rds_ are -féqufre’d to protect the
. _pu_b'fic ?;_eaith and wel fare, natioaa‘l.and stat'e' ambigﬁt air quality standards
have been es;éblished; The Clean Air Act of 19_70' authorizes the U. S.
Environment_a'l Protection Ajéncy (EPA) to set standards and to oversee -t'he
development and-imp]ementa.ti(m_ of sta'te'plans'that‘ would lead to attafninent
and maintenance of the nationwide standards. A/ In addition, the Air- -
Regou_ﬁ:es Board has. established ambient air quality sfandards, as aufhnrized'
' by -the Californfa Health ahd Safeﬁy -Codé.-z—/' ﬁténdards' have been set for all

major peliutants, including oxidant or ozone, nitrogen dioxide, sulfur -

=55~
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dioxide, suspended particuTate matter, and sulfates,

The federal and State standards have been established fn consideration of
public health, desthetics, visibility, and effects on the economy.g/ The
EPA set primary standards to reflect coasideration of public heé]th and
secondary standards to reflect consideration of publié welfare, The Air

Réspurces-Board established one set of standafds~fbr each pollutant, based on

both public health and welfare.  Table ¥I-I 1ists the national and Califaornia

standards. ~ As the table shows, the state has set a standard for oxfdant,

" whereas the national standard is for ozone; howaver; fhe state now measures
.. ozone oh]y and.thé state standard is, fn effect, an ozone standafd. Ozone fs
a pollutant which is prbducedfby chemical réactigns_of nitrogen-ékides and
: hydroca{pons fn the presence of-sunlight. - The table also shows that the state
_suTfur dioxide standard is different from the federal standard. The state
_sfandard is the occurrence of a 24-hour su1Fur dioxide cohcentratidn of 0,05
ppm or hzgher in combxnat1on with e1ther (1) an hourly ozone level equai!ing
or exceedrng 0, IG ppm or {2} a 24~ hour concentratlon oF total suspended

partfculate (TSP) equalting or exceedlng 100 ug/m Yiotation of the.
. 24-hour federal su1fur.d1nx1de standard of-O.i4 ppm does not requiré_the.
‘ presence of high concentrations of ozone oi‘TSP Table VI-1 also shows.that
-the state annual geometr1c mean. and 24-hour TSP standards are more str:ngent

than their federaT counterparts. Also, the state standard for n1trogen

" dioxide is set for a different averaging }ime-than the federal standard. The .

table 3150 shows- that the state has a standard for sulfates, whereas there is
currently no natinnal standard for this. pd]lutant.
The Air Resources Board and air pollution’ control and air quality

management d1str1cts have establ1shed ambient air qua!ity moni toring stat1nns

56~
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AMBIENT AIR QUALITY STANDARDS

TABLE VI-1

Cafilomis Sisndards’

Pohutam - Averaging Yime . Matisnal Standardy®
Cancentration® Mathads Privary’,* Sacerndary,* Methac?
Ozidan™® 1 hour 0.:0 ppm Utiraviclet - T - —_
{200 ug/mt) Plramuatry .
T Crone 1 hour -— T - 0.32 ppm Samt 23 Primacy Ethylens
) . ; {255 ug/m) Standard Chamiumueacence
Catban Monazids . 80 ppm . .Nm-niw«m N Samead Non-Disparzive
B hour © 410 e/} tniracsd -“os':g;""" Peicnary Intrared
. SoecToscooy Srandards Spectroscapy
1 hour 20 ppm {NDIR} 10 mgie? : (NOIA;
{23 mg/mi} 25 gom) B
" . - 100 ugsm?
Nirrogan Dicude Annyad Avernge Gas Phase 10.05 porm) ] . - Gax P_hau
g Chamilemis ; Same a2 Pricacy | Chemilumineszenca
1 hour 0.25 ppm nescenca - Standars
o 470 ugs/m¥
Sclfue Dicxica Annual Avarage - 8¢ ug/m? -
$0.03 sam}
174 hour - Q.05 ppm C 385 ygem? N
137 ug/m* humﬁt:l;_‘ 014 pprry Pariracanitine
uoresc :
3 hour - - 1300 wgrm
. 0.5 gzt
1 hour .. 05pom~ - -
. ) 11310 ugrmd)
Sutpended |annust Gaometrici . €0 ugsm? B I5 ugsm¥ 60 ugs/m* .
sicitlata _Mean, 3 HighVelume _ : High Watuing
24 hoor 100 ugs/mt ¥ Sampiieg 260 wg/m? 150 ugrm? © Sadniing
Sutlazes 24 nour 25 ugse? . Turbiditnamie - ’ - -
: . . Barium .
Sultame
Lead 39 gav 1.5 ugs/m O Argmic - —_ -
Average - . Abampiian
Calendar - —_ 1.8 ugy/ms Samw w3 Pre- . Aromc
Quairter . mary Standard Antgrouga
Hydrogsa 1 howr 0.0X ppm Cactricom Hyoros+] - Do . -—
Suliide - {42 ugsm™ e STAsctan .
. Vinyl Chlariee 24 hour 0.010 ppm Tedtar Bag
{CNargethens] w8 ug/mlt | Eollectran, Gis _— _ -
Vinbilicy T abdervetion I syflicient auscunt o
Reducing FHIUCT e prevesing ikndaity?
Fimcies a less than 10 mides whaw ree

telxirvg Bumihfy «3 le34 than JO%

APPLICABLE ONLY IN THE LAKE TAHOE AIR BASIN:

Carbon Matwgaede 8 Zour & pom NOIR -_— - -
: . . . {7 mgrmy b
Vigbalrty 1 ok In suM E-Y
Raducing reducs the [ swvibibiig vessbilayd - -— —
Partwciey & less than 30 ailes witm the

ralxtive Moy 13 lesy than 0%

{Foatnates os fullawing maga.)

‘SQurce:  Air Resources Board staff.
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TABLE VI-1

AMBIENT AIR QUALITY STANDARDS
: (Continued_}

NOTES:

&/ Cafifornia standards, ottier than carbon misnoxida, s
¥does that #t¢ ot @ Be equaled o exceeded, The
carhon mongxide standards are not w be exceeded,

_9" Hationa! standards, ather than ozone and. thass based

o0 snawual averages or annual cearmetrie meane. e ot

i be exce=ded moce than chce a year. The arone .

rendard s atained whin the sxcecad number of days
8 ailender year with a2 maximum hourly awerage-
SancEntration sbove: the. standard is equal to e less

& Concentration expressed first in unin in which it was

promuigated, Equivatent units given in parentheses
" based upon a referencs wempersTure of 25°C and

& reference pressure af 760 mm of mercury, AN Mexs-
uremeets of air quality ave to be corrected 10 a reference
lmpéi'zm-‘_e af 25°C and a refecence pressure of
760 mm of Hy {1,013.7 millikar); opm in this table
feferz W ppm by volume, or micamales of pallutmt
per male of g, ' S

"8 Ay equivateas pracedure which can be shownln the

" mtisfaction of the Air Fiesources Board 1o give equi:
YNt results at or qear the fevel af the aic Quality
sandard may be used, S

e/ Nth 'Frﬁﬁ-y' dards:  The levels af air quality’

nloncacy, with an adequate margin af afety, xa
gotect the pubtic health, Ezch stam must attain the
primary 1zandard: ng latsr than three vears alter thar
am's impd ion plan is spmm by the En-
-wironmental Prataction Agency (EPA). - ) T

¥ Nutional Sedondary Standards: The levels of dic qunality
BeceIiaty o protect the public weifire from aay
kacwn or anticipated adverse effects of 3 pollutant.
Exch state must attain the secondary standards within

A "remonsble Sme'" after the imglernentaton planis -

sopraved by the EPA. -

ARB Fact Sheet 28 (Revited 1/83)

£

8/ Reference method as decribed by the EPA. An “aqui-
walent method™ of mezsurement May be vied but muct
have 3™ i latianship to tre refy metheg™
end muxt be approved by the EPA. - -

b/ Prevailing visibility is defined & the greasest wisibiiity
- wihich ix 3ttzined or surpassed around at faast half of
“the horizon circle, but not necessarily in continuous

Y At tocations where the state standards far exidanz

sndlar syspended  particulate  matter are vialated,

Natiomil standards apply eixewhere.

I Measiced o ozare.

: £/ On Noverber i8, 1483, tﬁe_ Baard appraved a new

T-hour standard for ambient cancentritions af

sul fur dioxide of 0.2¢ pom or about 555 wa/me,

That standard will 3e in effect Fatlewing its
-approval by the 0ffice of Administrative Law.

iy Mew Cilifornia tuspended particulate matter
standards became effeciive fn acember 1563,
. The standards. are for susocndad particuiats
saiter smaller then 10 mizrans in diameter,
The stapdards for particles in_thar size are
30 ug/” annial neometric mean and 50 ug/m3

for & 24-haur pariod,
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in the coastal air basins. The data from these statioﬁs are used to determine
nhethér ambient ajr quality standards have been violated in specific areas.
Figure YI-1 shows all of the coastal monitoring stations that were operating
during.1981. Tﬁe figure'shows.that monitdring stations are widely distributed

_on the coast and tﬁat numercus stations are operated in the major metropolitan
areas of the: South Coast and San Francisco Bay Area Air Basins.

2. Health Effects of Pollutants

The.emissfcns-that are of chief concern in this report afe sqlfur dfoxfde
and hydrpcarbons. .The health effects of su]fur dfoxide:and the secondary
pollutants prqduced'frqm'squur.dioxide and hydrocarbons are discussed below.

' “a, _Suifur Dioxide .

Sulfur dioxide é]dn§ is a ﬁild respiratony.ifritaqt.. Reactions to
éxﬁosure_to sulfur_dioxfdefhdie been shown to be more severe in persons with
asfﬁma, especially in canjunction with éxefcfse. ‘The principai éffecf
edsured s bron;hbconsgricfipn or a tightening of the airways in the lungs
uﬁi;hﬁrésuIts in_incféésed'ai;way_resistance.éiiii&ﬁ/

EbidemioTogica]'sthdies'have shown sulfur dioxide to be associated with

- the development and exacerbation of chﬁonic resbfratony conditions, especially -

when coﬁ?ined with pgrtfcu]ate matter, Children have been shown to have a-
Signifi;antiy highgr prevalence and history of respiratory infections when
.'exposed to- sulfur dfox1de and particulate‘mattér pol1ution.24§f
b. Sulfates o
Sul fur Hiuxide can be oxidized in the atmosphere to forw ;dlfate
particles, . Suffates are normally found in the “fine" fraétion of éuspended

particulate matter {diameter less than 2.5 micrometers) and therefore are in

the size range that can be inhaled into the respiratory system.gf There §s
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SAN FRANCISCO BAY AREA AIR BASIN
MONITOHING STATIONS OPERATING DURING 1981
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FIGURE VI-1

AIP OUALITY !MMTTORING STATIONS
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Source: Air Resources Bcard staff,

-60-

2006/P373-A02



NORTH CENTRAL COAST AIR EASIN
MOKMITORING STATIONS OPERATING DURING 1981
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SQUTH COAST AIR EASIN
MONITORING STATIGNS OPERATING DURING 1981
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FIGURE VI-1
{Continued}

AIR DUALITY MONTTORING STATIONS
IR CALIFORITA'S COASTAL AIR BASINS

Source: - Air fesasrces Board staff.
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Hmited dose-response information ﬁvailab1e for éffect§ attributable directly
to sulfates but_they are believed to aggravate asthma, lung, and heart 7
diséasé, and lung function in children. In addition to the particie siie,
effects may be influenced by other. variables such as weather conditions (e.g.,
high humidit} enhances sulfate formation)_and the presence of other
po]1utants;19/
C. Sdspended-Particulate Hatter
Sulfur dioxide and hydrocarbons are, at legst'in part, convértéd_ih the -

atmosphére'to.suspended particulate matter. Particles small emough to be

inhaled into the respiratory system (diameter less than 10-15 micromgtéré)'are

of most concern for health protection, Suspended parﬁicu?afe matter may cause
advérse effects by a number of mechanisms.. These mechanisms inc%yde chemical
or meghaniﬁal irritation, alteration of host'déféngé mechanisms (e.g., - -
'clearancermechanisms}; direct or indire;t-damage:(e.g., acid aerosols,“siiicaf
or_sy;temic toxicity (é.g., tead), The re;u?ffng effec;s:associated with
- .exposure to pqﬁticulate matter inctude_effects on respir;toryfmgqhani;s;
aggrqvatfon of exiéting-respiratoty and cardiovﬁscu]ér dfsease, effectﬁ oni
Eleérance.énd other hosf_defense mechanisms,'morpho]ogical alterations,
carciﬁbgenesis, and mortalityagéllf
&. bzone | 7
_ -0zone is formed in the atmosphere by.cﬁemjcaT reactions af.two othef
pallutants, hydrecarbons énd-nitrogén oxidgé. =These'réactions reqdire.enefﬁy

which is provided by sunlight. Ozene, the largest component of the smog

complex, is a strong respfratory irritant. . It irritates the mucous membrances

" of the respiratory system and impairs normal function of the Tung, This

impairment is accompanied By such symptoms as chest tightness,-cnughing,'and-_
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wheezing.” Ozone has been shown to aggravate chromic respiratory diseases such
as asthma and bronchitis. Perdxyaéeta] nitrates (PAN) and the other oxidants
formed in the atmosphere along with ozone are strong eye irritants.lgf

3; Coastal Ca]ifbr&ia Air Oua1ity

AN of the cuasta] air bas1ns in California exper1ence v1o]at1ons of
amblent air quaTIty standards. _Table ¥1-2 is a compendium of the amblent air
quality in £alifornia coasta1 air basins foe azohe,_carban monoxide, nitrogen
dioxide, su]fdr_dioxide, sulfate, and- total suspended particulate (TSP) during
the period 1979 thrnugﬁ 198j. The data-presented in Table VI-2 are dfscussec

~below, : ' ' _
- a. ‘Violations of State and Federal Standards _

The one hour'national'ambient eir quelity Standedefor'ozone of.0.12 ppm
was exceeded in all of Cal1forn1a 5 coastal air basins from the San Francisce
'Bay Area southward in the years 1979 through 1987.  The frequency of the

.v1olat1cns 1n'7981-ranged from 2 days in the North_Centra] Coast Air Basin to
' 187 days in the South Coast Rir. Ba51n The Caltforn:a standard for oxidant

'(measured as ozone) of 0 10 ppm was exceeded in all coastal air basins during
the period. 1979 through 1981. The frequenqy of the v101at1ons in 1981 ranged

from & days in the. North Central Coast Air Basin to 233 days in ‘the South

: Coast Air Bas1n.

VIO]Bt}OﬂS of the Catifornia standard for nitrogen d1ox1de, 0.25 ppm for
1 hour occurred in the San Francisca Bay Area South Coast, and San Mego Air
Bas1ns in the" period 1979-1931 _ The most frequent vieolaticnms occurred in the
South Coast Air Basin; The n1trogen dioxide standard was violated on 44 and
38 days in the South Coast Air Basin in 1980 and 1981, respectively. Ihe

annual average national ambient air quality standard for nitrogen dioxide df
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0;O5 ppm was aiso exceeded in the South Coast Air Basin in each of these. three
years,

The California 24-hour standard for sulfate of 25 ug/m> was violated fn
the South Central Coast, South Coast, and San Diego Air Basins in the period
- 1979-1981. Table VI-2 shows that in 1980 there were 3 measured sulfate
' .vio1atlons 1n the South Central Coast Air Basan and 2 measured sulfate
violations in the San D1ego Air Basin. Because ambient sul fate measurements
in those ajr bas1ns were made on only 147 and 65 days, re5pect1ve1y, during
'1980, it is reasonable to assume that using proratron, actual sulfate
' v:o]at1ons occurred on about 7 days in the South Central Coast A1r Basin and

n days in the San Diego Air Basin. There were 22 v1o]at1on; of the sulfate
standard in the’ South CoasteAar Basin in 1979 35 in 1980, and 18 in 1981.
The highest sulfate readlngs durtng thts period occurred in 1980 and were
‘twice the standard (50 2 ug/m ). Sulfate standard vio]at1ons were recorded
1at over 90 percent of the air monrtorrng stations at whlch sul fate ‘was
measured in the South Coast A1r Basin durlng the period 1979 through 1981,

The 24 hour su]fate standard has not been vao]ated in the past three
.years in the San Francrsco Bay Area North Centra1_Coast, and North Coast Air .
“Basins, Annual maximum 24~hour sulfate concentrations in 1979-]981 were_lﬁ.o
| to 17.7 ug/m in the San Francisco Bay Area Air Bas1n and ? 3 to 14. 8

Eug/h in the North Central Coast Air Ba51n

Since’ 1979,-no-sulfur_daox1de standard violations have been recorded:in .

California‘s coastal air basins. However, the California 24 hour sulfur
dioxide standard, 0.05 ppm 1n combination with a high oxidant or:TSP level,
was violated on 12 days in the South Coast Air Basin during 1979, and one .

probable exceedance ocourred in 1980. The highest 24-hour sul fur oioxidé
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concentration during 1979-1981 was 0.079 ppm and occurred -in 1579 at ‘Harbor
.City,_ near thé coast. A major reason for the low amhient concent_t-ations of

' suffur'dioxide 1s the greatly increased availability of natural gas. to power
plants, By burning clean naturzl gas instead of sulfur-bearing fuel oil,

© emissions of sulfur dioxide havé been greatly reduced, However,"l f tlie B
a\ra_ﬂabﬂ-ity of natural gas is 'reduc-ed in the future, sul fur-bearing fuel oil
m'.'ll have to be burned again and ambient concentrations of sulfur dioxide
wou]d increase. _ _

Table VI-—Z shows that ali of the coastal air basms experienced numerous
and in S0me Cases extreme,__vwlatmns of the 100 ug/m state standard for '
TSP during 1979 through 1981, _Tuéﬁty-four hour TSP.a':onc_entrations'of
: 518 ug/lriB', 602 ug[m3 and ‘2'!.‘1 ug/ma‘were r‘ei:orded.in 1981..in the South
o Ceﬁtra‘l Coast, South Coast, and San Diega Ai_rrBasins respectively. _Thése

-concentrations of TSP also excéed ‘the. nationa] primary standard of .

260 ug/m .7 Most of the air momtorlng statmns in the South Coast Air. Basm .

expemenced violatjons of the state ‘24-hour and federa] annual TSP standards
: i_\an‘d more than 48 pe’rcent of t_-_ho:se air mu_n_itoring stations experi enc_ed_ ) '
. violations of the federal ‘Zd—hour TSP standard in the 'ﬁeriod _ o

1379~ 1'981 E-M/ Because T§ meisur;ements 'a're made with difterent
i frequenmes in different air basms the data on state TSP standard vin‘latwn
frequencies given in Table ¥I-2 are gwen in terms of percent of samp'l'ing days

on which the TSP standard was violated. Since December 1983, the state

standards for particulate matter-'hcjive,been based on particulates smaller than

10 microns in diameter.  The annual 200 geanetric mean and 24 hour -standards

' ~are now 30 ug/m and 50 ug/m for. suspended par‘tlcu'late matter' -smaller

. than 10 mi crons in dtameter._
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According to data in the annual ARB p'ub'licatiens “california Air Quality

\13,14,15/

Data R 'su'l fates contribute s‘ignificant]y'to the annual geometric

mean TSP mas's. On an annualized basis, sulfate contributed.from 6 to 15

6/ Two-hour “"grab

percent of TSP in the South Coast Air’ Basm in 1978—
sample air moritoring data reported for 1977] 1/ and 1973—-5/ show that

su'l fate accounted for 22 and 3'I percent of the TSP measured at Anaheim and
Dominguez Hills, respectwe‘ly, in the South Coast Air Basin, F:gures VI-2 and
VI-3 show the frequency of vw]atwns fn the South Coast Alr Basin of the
California sulfate standard and TSP standard respectwe1y during 1980.

Comparison of F:gure vi-2 with VI~3 shows that sulfate and TSP violations

. occur with the greatest frequency in the same general areas.

The California visibiTity standard ‘is exceeded when' the prevailing
'visibﬂfty is reduced to ‘less than 10 mi.]e's w’hﬂe the relative hUmidfty s
Tess than 70 percent. Figure V-4 shows: medTan 1 PH visibilities and -
vismﬂ'ity 1sop1eths for- Ca]iforma. The flgure shows that coasta“l areas of
Ca'liforma frequently experience v151b111t1es m vialation of the state =

standard TabTe YI-3 shows the guarterly frequency of v1olat1on of ‘the state

visibiTity standar-d in coastal air basms in the period ‘19581977, The table

shows that on a quarter‘]y bdsis during that perwd the visibility standard was
vmlated 10 to 42 percent of the time in- _the .San F_ranc]sco .Bay Area Air Basin,
-6 t0 52 percent of the time in the South Central Coast Air Basin, 15 to 63
percent of the time in the South Coast. Air 5as1n,*an& 21' to 37 percent of the
time in the San Diego Air: Basin. The visfbility etanderd continues to-be
_regularly violated throughout Califof:ni'a‘s_coast_aj areas.
Numerous studies neve found that airborne particulate sulfates and

nitrates contribute to _visibﬂ_'ity degradatfon in a ratio far ekceeding the

fraction of suspended aerosels represented by those species.lw/
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FIGURE Vi-4 .

- MEDIAN 1 PM VISIBILITIES (IN HILES) AND
VISIBILITY ISOPLETHS FOR CALIFORNIA

5 & . 65

B [

Source: Air Quality and Meteorology, South Coast A'Il" Quahty Management
District, September‘ 1979.
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- TABLE ¥I-3
20-YEAR PERCENTAGE OCCURRENCE OF ADVERSE'VISIBILITIES
: (1958-1977) :
Rank : ;, Humber
Station All- (best Season & -of -
{north month  to- {percentage adverse) qualifying -
to south) average worst) Worst : Best” observations
San Francisco  21% 3 Winter (36%) Spring (10%) - 5633
Dakland’ 26% 4 . Fall (42%) Spring (18%). 4793
Salinas 8y 1 Fall  (17%). Spring ( 5%) 5969
Santa Maria 15% 2 Fall -{221)_ Winter { 61);' 6343
Oxnard 321 6  Summer (52%) Winter {19%) 4057
Los Angeles 497 8 Summer . (63%) - Spring (37%) 5511
Long. Beach 51% 9 Summer {63%) Spring (35%) . 6599
Riverside 38z -7 Summer (60%) Winter {151) 6851
-'San Diego 29 5 Summer (37%) Spring {21%) " 6190
éj'Seasons: o

Winter = Decemher; January, Fébruary._

Spring = March, April, May

Summer = June, July, August -

Fall

ir Resources Board T

September, October, November o

the Coastal Areas of California .1958-1 s

72-

“Source: Visibility Trends in ia_ 1958-1977

echnical Services Division, December 1980.
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This occurs because sulfate particulates are in the size range of particles
that are effective in scattering ]ight.. It has been reported that on an
average for 12 separate sampling sites throughout coastal and 1nland areas in
California 39 percent of the v1s1b111ty degradation is due to suspended
" sulfates 3y
_ b. Acid Prec1pitat10n
Another air po11ut|on problem related to sulfur d1ox1de emissions is acid
precipitation. _An_1ncreasing amount of sc1ent1f1c research suggests that acid
_ deposition, aither as_orecipitation or dry_deposition, may be responsible for
Jong-term adverﬁe‘environmenta] effeots.23/ These effects incTude the .
acidffication of-lakes, r1vers, and groundwaters' damagée to b:ota in aquatic
ecosystems possible changes in forests and agr1cultura1 crop product1v1ty,
.denxnera!rzatlon of soils; deterioration of man-made.mater1a1s and degradat1oh
of drinking water systems.— 23/ - It is not known whether these effects are
.occurr1ng in Cal1forn1a but such effects have heen documented elsewhere._

Both su?fates and nitrates 1n the atmosphere cootr:bute to the acidity of

:rain. Researchers under contract to the Air Resources Board have reported

_that in the SOuth toast Air Bas1n the ratio of non-sea sa]t sulfate to hitrate

.1n rainfall 1s 0. 9 4/_ Thus, su]fur d1ox1de emlsslons are nearly as-

1mportant as nitrogen daoxide emissions as precursors to ac1d1ty of ra1nfa11
Cin Southern California. = . ' '

During the -fall.:wintér.. '_.and'sbrin_g of 1978-79, precipitation samples for
- nine IDCationS'jn the-Sooth'toosﬁ Alr ﬁasin_were collected and analyzed for

ac1d1t 24!. In Figure VI-§,. the meao pH* and suTfate values oeasured over

* pH s the negatlve of the logartthm of the hydrogen jon concentration fn
a solution and is a measure of acidity. Solutions with pH less than 7
are acidic, As the strength of the acid increases, the pH number

. decreases, - : o :
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that sampling perfod are displayed, As the figure shows, rainfnll throughout
the Basin is substnntialiy more acidic than unpolluted rafn, which has a pH of
5.65, Typ?caily, the preCIpitatlon was TD to 100 -times more acidic than
unpoliuted rain. At its uarst the acidity was nearly 1,000 times that of
unpolluted rain, There are”currently no standards regarding precipitation

acidity, -
Independent Refiner's Association of California Comment: “Acid :
precipitation is nct a new phencmenon. However, recognition that it
.is"an environmental problem did not occur until fairly recent'l_y in
California. Furthermore. the data base on ac1d preclptat1on is
rather. sparse.
. In recognition of th1s, Assemb]y Bi11 2752 was passed by the
. Legis]ature and approved by the Governor on September 27, 1982..
i The bil1l provides funding mechanisms for very comprehens1ve )
studies of Acid Deposition under the auspices of the Air Resources:

" adopting any rules or regulations to control acid depesition without

1_ further statutory authorization. _ .

'é. Air Pollut1on Emergency Eplsodes

Based on health considerat1ons certaun amb1ent concentrat1ons of var1ous '
po]1utants have been des:gnated by the Air Resources Board and the EPA as
emergency ep1sode 1eve15 25 26/ Hhen an air pollution ep1sode level is.
reached, an a1r po11ut10n contro] or air quality management district is
requ1red to take measures to abate activities whlch <ontribute to the h19h
amblent concentrations of the po]lutant for which the ep1sode was '
:declared 25/ : _
Table VI-4 shows th&ffreqUency‘ot poi]utant'cdnCentrations wtich eqnaled
. or exceeded air poTlut1on episode cr1ter1a Tevels in the South Coast A1r Basin

for the year§.1979 1980 .and 1981, _As_ the Tab]e shows, there were" 105 first

stage oxidant episodes, § sgtond'stage oxidant episcdes, & TSP episodes, and 6

~ sulfate/oxidant episodes in the basin during 1981.

~75-
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TABLE VI-4

AIR POLLUTION EPISODES IN THE SOUTH COAST AIR BASIN
' 1979, 1980, 1981

__Humber of__Epfsodes (na.!ys)'
-Po'l'!uta_n.t__/Epis:.:-de?..i | 1979 w0 e
Oxidant - Stage 1 Epi.s.o.qatl!. 1 e | 0z | 08
Dxidant - Stage 2 £pisodeS’ | } I_ 20 o 15 ; 5
TP Episodeg . N : 2 | 12 ' 6
| Su]fé_te/ﬂxic-fant E;',)Iisoc;eﬂ./ o 7 T 26 6
L | 5

a/ uxidé_nt and sul fate/oxidant episode criteria are set by the Air Resources = -

Board (ARB). The TSP episode criterion is an EPA criterion.

B/ - app criterion - Oxidant concentration greater than or equal to 0.20 ppm. - .
€/  APB criterion - Oxidant concentration greater than or equal to 0.35 ppm.

E/_ -EPA criterion for an “air pollution alert* - 375 ug/m3. The ARB and
. the South Coast Air Quality Manadement District do not include TSP
- episodes in their emergency plans. : o . i
el s criterion - Sulfate concentration -greater than or equal to 25 ug/m3

in combination with an oxidant concentation greater 'than or equal to 0.20

- ppm.”

Source: Afr Resources Board staff.
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In addition to the episodes.showp in Table YI-4, for fhé years i979 through
1981 there were 6 first stage oxidant episodes in the Soﬁth Central Coast Air
Basin and 20 first stage oxidant episodes in the San Diego Air Basin. Also
during that period, there were'3 second stage 6xidant episodes in the San .
Diego Air Basin and 7 TSP episodes in the Soutﬁ Central Coast Air Basin..
There was 1 first stage okidant_episodé in the Séﬁ Franciscb Bay Arga Air

Basin in the period 1979-1981,
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{.  COASTAL CALIFORNIA METEOROLOGY
California Coastal Waters have been defined as that area between the _
California coastline and a line starting at the California - Oregon border at

" 'the Pacific Ocean

o
[~

thence 42.0°  125.5°M
thence to 41.0°N  125.5°W
thence to 40.0°N 125.5"W
thence to 39.0°N 125.0%%W
thence to 38.0"N 124.57W
thence to 37.0°N  123.5°W
thence to 36.0°N 122.5°W
thence to 35,0°N 121.5°W
thence to 34.0°N 120.5°W
thence to 33.0°N 119.5°W
‘thence to 32.5°N 118.5%W

and ending at the Ca11forn1a Mexico border at the Pac1f1c Ocean. 'The_
: Ca]1fornfa Coastal Waters are shown on Figure VI-&

The Tine des:r1h1ng Californ1a Coastal waters does not form a palitical

boundany but it is usefui in. describing the fate of po?lutants emitted off the

Californ1a coast “The def1n1t1on of Cai1forn1a Coastal Haters was developed
by the ARB meteoru]ogy staff and was or1g1ﬂa11y presented as Appendix A to the

ARB staff report,. Status Report Regarding Adoption by Local Ajr Po]lut1on

Controi Districts of Rules for the Control of EMISSIOHS from nghtering

Ogeratfon February 23, 1978. Callfornla Coasta] Haters as defined above is
the area offshore of California within which pol]utants are likely to be _
transported ashare and affect air qualtty in Catifornia‘s coastal air bas1ns
particviarly during the summer, Pollutant em1551ans released somewhat to the
west of these waters 1n summer are likely to be transported southward,

paraile] to the coast. Most ceastal marine traffrc passes J to 15 mlles from
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FIGURE VI-6

CALTFORNIA COASTAL WATERS'

F—— £imi _;f

Air Resources Board staff.

Source
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the coast, well within the boundaries of California Coastal Waters. Emissions
released well west of these waters are likely to be transported southwestward,
away from the coast.

Development of the eefinition of California Coastal Waters is based on
over SOD;ObO island, shipbdard,.and coastal meteorological-observations.
These data were taken from officia]-recprds of a number of.agencies including
the U.S. Weather Bureau, Coast Guard, Navy, Air Force, Marine Corps, Civil
Aeronautics Administration and Army Air Force (see pages 11 and 12 of Appendix
-1
" WOGA Comment: HOGA does not accept the State's definftiun of

CaTfornia Coastal Waters for the reasons outlined in its Tegal
position paper in Appendrx B.

The deve]opment of the def1nition for Ca]1forn1a Coasta] Waters is d1scussed
- .in deta1l in Appendix H- T The pr1many meteoro]nglca1 features of the
California coastal areas that cause pollutants emitted within Ca11forn1a
Coasta] Naters to be transported ashore are dlscussed below,

1." Patlflc High Pressure Cell

The North Pac1f1c high pressure cell. (antlcyc]one) is the domlnant
_influence on the weather and climate nf the eastern North Pac1 fic Ocean and
-'_ne1ghbor1ng Iand areas in middle latitudes, partlcular]y during the summer.
It 15 a semi-perwanent feature of the large scale atmospheric circulation
pettern inwthe northern hemepﬁere_and'consfste of an extensive deepfmass of
air rotatiﬁg in a clockwise direction and covering ﬁuch of the North Pacific
Gcean throughout the year.=- 21

7 The bas1c cause of this circulation feature is the large scale thenna]
'difference between adjacent water and land masses in middle latitudes.Zl 21/

Dur1ng sumuer, the water mass is much cocler than the neighboring land mass.
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Through conduction and mixing, the air above the water is cooled and its

density is increased thus producing a vast high pressure cell. - In addition,

~air from the: Equator enters the system aloft to provide additional support for

high pressures. Efast of the ocean, the warm land incregses the air
temperature and consequently the air becomes Iess_denée resuTtihg-in thg
formation of a large Yow pfessure cell or thermal Tow. Thé_positive
differential of presgure from ocean and Tand causes a gigﬁn;ic intefchange of
air. The warmihg air above the land surfaces rises and is'repl;céd at Yow
Teveis by cﬁolér afr'maving qnshore from ;he'PéﬁifiC'Ocean.' A further .
interchangegtakes:p]ace ajoft where air sinks in the-Paciffc:high to répiace
the aik that moved onsﬁore. The:;inking air fn turn is‘reﬁla;ed a1qft by air
from the troi;ics. o | _ ‘

-Because sinking (suﬁsiding] air over the ocean is_uarmed by:cdmpreSSiqn,
it becomes wérﬁer_at.lower levels'fhaﬁ the air in the marine-layer next to the
ocean surfac'e._'- The subsidence 1_.-_hds producés a stridn_g iﬁer‘si_s;tent \fér'_ti ca_l
..témﬁefatuhé inversion wﬁich'i§ another dominant féaﬁu;e_of ihe_Pacifi;i
high, 2/ ' o L

The Pacific high is strongest and most extensive;in the summer when the

temperature difference between the ocean and land is greatest. As the seasons

progress and the sun moves suufhward,ﬂthis ocean-laﬁd thermat di;cdhtjndity
Jessens and 1s displaced to more southerly latitudes és_northefn,1énds.cooi.jj

“This tends to weaken the Pacific high cell and causes it to move southward.

The arrival of winter storms in middle latitudes also keeps the Pacific:high s

somewhat suppressed thus reducing its influence in middle latitudes during
winter.gzj The average extent and location of the Morth Pacific anticyclone
for the mid-summer and mid-winter months of July and Jahuary {seasonal

extremes} are shown in-Figures‘VI;7 and YI-B respectively.
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2. Coastal California Predominant Wind Flows

The Nofth Pacific high pressure cell produces a predominantly north-
westerly fiow of marine air over California Coastal Waters. This'1argé scale
circu]ation'pattern is modified to a more westerly flo& by continental
1nf1ueuces as the air approaches the coast of Califorpia, =~ 7/ Table VI-5 .

' presents a summary of wzndflow direction frequenc1es measured -at var1ous
locations along the California coast. The table shows that onshore windflows
predom1nate dur]ng the sprfng, suwmer and faI] at a]] locations. The table
also shows that the percentage frequency of offshore winds exceeds onshore '
winds in the winter at .Vandenburg Air Force Base, Point Mugu, and Los
.Angeieé.'-The Qoeater overall ffequency of anshore winds iodicatés a net
transport of marine air, including the po]]utant content of such air, into

' coasta1 alr basins. Th1s can be seen graphlcaily in Figures YI- 9 and VI-10
which show the predominant summer wind flow patterns azlong the coast of
northern Californra and southern Californ1a respect\vely.

Land/Sea Breezes

.The large scale cllmat010g1cal_wind flowo olong the California coast as
diﬁcusoed jbove are modffied bj tﬁe'effects of'local.lahd/sea breeze
circulations. * In effect _the Iocal dayt1me sea breeze enhances the
large-scale onshore component of the wind uhile the nlghtt1me land breeze
retards or on oécasion reverses the flow,~~ 28/ Table YI-6 presents seasonal
resultant winds: by time of day for Oakland qnd Point Mugu Naval Air Station
{NAS) Tocated jusf south of Qxmard. 'The table shows_thg-fnfiuences of the
ltand/sea breeze cirou]ations and shouo that the onshofe winds are generally

stronger than offshore winds, a further indication of the transport of .
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TABLE VI-5

Windflow Direction Freguencies in Coastal_'f-\re'as of California

Direction
. : of .
_Station Windd Flow Seasonal Frequency in Percent !
Springd/ Summerd/ Falle/ Winterd/ Annual :
Oakland Onshore 752 93% 2% 473 67%
~ Offshore 20% 132 27% 42% 25%
Calm 5% 4% 11% 1% 8L
Vandenhera AFC ! Onshore 641 - 897 453 34% 54%
: Offshore 24% S99 32% .53z 29%
_ Calm 12% 22% 20%. 13% 17%
Santa Barbara | Onshere 50% 621 . 441 321 474
“| Offshare . 26% 21% 2391 243 251
Calm 241 171 2% §4% 284
Point Muqy NAS Onshore | 57% 59%. 415 . 31% 47%L
: Of fshore . 281 - 21% 417 543 36%
| G 15% 20% 184 152 171
Los Angeles' | Onshore 68% 8l% 604 43 e3m
Offshore - 30y 16% 361 - A3% 3a%
Cala - 2 3% a5, a3 . 3y

Period of Record:  Cakland 1965-1978

Vandenberg AFB 1955-1977
~Santa Barbara 1960-19354
Point Hugu NAS 1960-1972

%’ pring: March, April, May

=dummer: Junz, July, August
a—}, Fall: September, October, Nmember_
Winter: December, January, February

Source: National Climatic Center

. -85-
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TABLE VI-6 -

Three-ltourly and Seasonal Resultant Winds
(Degrees/#Pi’ - Gnshore Winds in Parenc)

R

Period of Record: Qakland 1975-1979

. Point Muegu 1962-1977

: §purce; National Climatic Center;ﬁ

-88-
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. Bak1anﬂ
Time (PST}) ~ Spring = Summer - . Fali dinter Annuai
0100 (27078)  [280/6) (30071 100,2 - - (28072}
CA80 {27072} (220/5) 020/t 10072 (280/1)
070G (23071} (27074 - 120/1 110/3 - {220/1)
1000 {25075} (270/7) (240/3) 150/2 (25074}
1300 - {27079) (290711} (280/7)  ° (260/4} (28075}
1600 :(280/12) - 1299713} (29073}  {280/4) (28079}
1920 (28079} {z90711)  (300/6) (320/1) (290/7)
2200 {230/5) (239/1) {300/2) - 08071 (230/4)
Ali Hours - (27076} - (280/8)- (280/4) © (190/1) (28c/4) |
: . - : o
" Point Mugu NAS L o
Time (PST} ~  Spring - Summer ~ Fall Winter " Annual
0100 . 3231 . Calm . 036/2 G334 . 024/l
0400 - 007/1 . 0291 03272 13674 03072 -
JQl000 0 o137z . 01371 631/2. 03s/4 029/2..
1000 - (230/4) - {235/5) f210/1) 05274 0 (230/2)
1300 - {250/8) (252/8)  (248/5) . (230/2) - {249/%)
1600 - . {26479} .. (257/8) . (259/6) - - (279/3) (263/7)
11900 f2reysy 0 (28774) 0 32042 00172 {29773}
2200 {29172} - (291/1) 002/2 - 022/3 34072
AN Howrs  (26973) - (268/3)  (30L/1) . 022/2 (28842} .
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.. Yentura cOunty coasts are carried into. the South CGast Air Basin.—~

offshore emissions ta receptor areas onshore. The table also shows that the
fall and winter resultant winds, whether onshore or offshore, are not strong
~ winds, having resultant magnitudes Tess than 7 miles per hour at the coast at
a]]_tfmes.'

4. Windflows in the Santa Barbara Channel

‘Analyses of airflow patterns in the Santa Barbara Chamnel indicate that
emissions in the Channel that are not transported to the Santa Barbara or
28/

Figures VI-11 through ¥I-14 were presented to the Califarn1a Coastal

Commission on October. 23, 1982, as part of Chevron U.S.A.'s testimony on the

determination of consistency with the Coastal Zome Management Act for proposed

eprongtory'éil_wéils that Chevrah‘propoﬁeé to dri11'iﬁ the Santa Barbara
Chanael. The figures preseﬁt the airflow patterns in the Santa Barbara
Charine! for ddytime and nighttime in both '_win't':_er and summer, Figures VI-11.

and VI-12 show that the daytime airf]ows 'both in summer'and winter, will

transport emissions 1n the Channel either to Santa Barbara or Ventura County,

or to the South Coast A1r Basin, F1gures VI-IS and VI-14 show that the

n1ghtt1me windflows in the Channe] tend to carry em15510ns into Ventura County -

or into the Gulf of Santa Catal1na of f the South Coast Air Bas1n. The

poIlutants arr1v1ng in the Gulf of Santa Cata]!na can be carr!ed 1nto the Los ..

' Angeles area as the nighttime land breeze is: rep]aced by the daytime sea .
breeze.

§.  Atmospheric Inversion

The_air that flows around the Pacific high:at upper levels -sinks
(subsides) and consequently wqhms;dué'to_air coﬁpfessioh. This warm air above
the cool coastal marine air prbduces a strong and persistent vertical '

témperature inversion that is a major influence on atmospheric stabj]ity.

-89-
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JULY 1200-1800 PST

I cusveon teases P-0331,'P-0332, AND P-0338

FIGURE ¥I-11 _
DAYFINE AIRFLOW IN THE SANTA BARBARA CHANNEL
' steR

Seurce: Meteorolgnical Surmaries Pertiment to Atmosphoric Traninort and . -

Dispersion Gver Southern Lalitornia, dechnicai Papo: Ho. 54,

G. A. DeMarrais, 6. 0. EGIniarth, and C. B. Hoiser, 4., Department ’ e

of Commerce, 1955. Taken from the testimny af vdalzrie Browm,

Chevron, U.S.A., during the cansistency hearings of ike. Catifornia
Coastal Commission on Chevren U.S.A."'5 exploratovy wells en leases
P-0331, P-0332, and #-0332, October 22, 1981. : :
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JANUARY 1206-1700 PST

CHEVROH LEASES P~0331, P~0322, AMD P-0332

FIGURE ¥I-12
PAYTTME AIRFLOW IR THE SANTA BARBARA CHAKNEL

HII\'TER-

. Source: - Meieorsloqir2) Sumaries Pertirent to Atmospheric Trarsport and
Dispersion wer Southern Calijorala, iechnical Papor (o, 54,

6. A. Deifarrais, 6. 0. i'olzwurth,.and C. 2. Holser, U.S. Dejartment.

_of Commerce, 1265, Taken from the tesiimony of Valeriz Browi,

Chevron, U.5.A., during the consistdncy hearings ef the California

" Coastal Cominiscion on Chevron U.S.A.'s exploratory wellc an j2ases:

P-0331, P-032%Z, and P-0338, October 22, 1981.
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- JULY 0000—0500 PST

. E CHEVRON LEASES P~0331, P-0332, AKD F-0338

Source:

FIGURE ¥I-73
MIGHTTIME AIRFLON. TH THE SANTA SPRBARA CHANNEL
| sumeR '

Mateorological Summeries Pertinent to Atmosrheric Transgort and
Disnersion Cver Scuthern Calitornia, lecnnical Paper flo. o4,
G, A. Dabizerais, G, O, fofzworth, and C. R. Holsor, U.S. Dapartrent
of Commerce, 1565. Taken from the testimony of Yalerie Croum,

Chevrom, U_S5.A.; during the consistancy hearings of the Cslifomia -

Coastal Commissinn on Chevron U.S.A.'s expl gratary walls on leases

P-0321, P-0332, and P-0238, Octcher 22, _198_1. i
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. JANUARY GIQ0~CT0Q P5T"

E) cozveon LEAsES P-0331, P~0332 AND P-0338

FIGURE YI-14 :
NIGHTTIME AIRFLOM IH THE SANTA BARBARA CHANNEL -
HIHTER

Source: Heteorologwa] Summaries Partipnent to Atmospheﬂc Transport and
_ 7. . - Dispersion Uver Southern California, iechnical Paper Ha. 54, :
G. A. Defarrais, 6. . noizwortn, and €. R. Helser, U.S. Department . -
of Commerce, 1565, Teken [rom the testimony of Valerie Brown, -
Chevron, U.S. A., during the censistency hearings of the California -
Loastal Commission on Chevron U.S.A.'s exploratory wells on Ieases
P-0331 P-0332, and P-0333, Octeher 22, 1531.




Atmospheric stability is the primary weather facter that influences the
vertical dispersion of poliutants. In general, the more stable the air, the
more dispersion is inhibited. An extremely stable subsidence fnversion
dominates the Californwa coastal areas and effectlve?y caps the marine layer
providing a ce1?1ng ahove which po]Iutants cannot rise. This reduces the
vertical dispers1on of air poliution, particularly during the summer when the
inversion is strongest and most perSIStent 21/ . -

‘ Thb]e VI-7 is a cumpllat1on of seasanal 1nver51on frequenc1es ‘and
character15t1cs for Ozkland, Vandenterg AFB, and Point Mugu NAS. The tab]e
shows that the mean height of the base of the subsidence 1nvers1on -ranges -
betueen 600 and 2200 feet above sea level (as]) and is perSIStent throughout
the year {inversions ‘are present sume 244] percent of the t1me} The_'_
combinatlon of . a strong persistent 1nver51on and the onshore w1nds which‘.'

characterize the coastal meteorolagy of Ca]ifornla is cunducive o the

transport of offshore emiss1ons to caasta] a1r basrns. Offshore em1ss1ons are-

_ducted beneath or within the 1nversion, w1th 11ttle dispersion to onshore
areas. ' '
6. Fog

The wo1sture content of air is another climate-related parameter whlch
must be taken into account when cansidering coastal afr quality. In the
presence of suspended water droplets, acid precursors such as sulfur oxides
can be transformed into acidic part1cles. Conversion of su1fur dioxide to
acidic particles adversely affects ambient concentrations of sulfate and TSP,
contr:butes to vistbility degradation -and contrrbutes to ac1d1ficatlon of
precipitation, cloud and, fog. : .

The c?1mat1c arrangement of warm stab]e air over the cool mar1ne

env1ronment that dominates the coastal waters of Ca11forn1a produces a

relat1ve1y high incidence of fog.zy/ The frequency of occurrence of fog
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" TABLE Vi-7
Atmspherlc [nversion Statistics 2 .
(Co—.mos:te of 4 a.m. and 4 pom. Saundlnqq)

Oak 1and
© -5pring Sumeer. Falt Hiater Ao}
Mean )
Tnversion To,} (f1, 321} 3200 2800 2900 - 3000 3000
Inversion dase {ft as1) 2200 1200 1700 1900 1700
_Sirenglh (Top Tn_:np bas.. Temp) 6°F 15°F . B°F 6*F 9°F
Pércentage Occurrence S : .
© laversion - " act ' 9B8% g8z 1174 i1
-Bage € 3000° asl S 9% " 60% N1
Base € -1000* asi - 311 . S 55 431 - 41z
Vandenberg AFB
Spring Swmner . Fall Minter Annual
Mean - ) : i h Co B
Inversion Top {ft asl) 2900 3200 27460 2600 2900
Inversion Base {ft asl} 1700 14G0 - 1400 1600 1500
Strength (Top Taup-Base Temp) 10°F 20°F 12°F B°F 13°F
Percentage OCCurrence Lo ' : :
lnversion 83 99%- . 93% 85% . 921
. Base & 3040" asl’ LT 96% 85% 71% a3%
- ‘Basa 571000 asl ) R 40 - 32% 502 55% 44%
Point Mo KAS
Spring  Swmcr  Fall  Rinter Ancual
“Hean ’ ) - T R .
tnversion Top (ft asl) ) 1900 2800 2000 1400 2100 -
Inversion Base (ft as1} - tiog 1300 1630 . 600 1030
Straugth {Tcp ‘[ar'p-BJse "mm) 7°F 14*F . 10°F 8°F 19°F -
Pe-'cvur.agn Degu rr‘.ncc Tl : . 3
Inzarsion B4z 99% 963 BY% g2t
Base £ 30007 asl e 1L 9% - B6s - BY T 94r
Base € 1000' asl - 573 AL - 6% 117 59%

2/ Perfod _of Record: [1975-1977

Sour"c'c Sumisary of “ahfcrnm Upper Air Hotecrotogn:a‘l ‘Data,
" Air Resources Baard :
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{visibility Tess than 7 miles) at Alameda NAS and Point Mugy NAS, fs shown in
Figure VI;IS. As indicated in the Ffigure, fag 1s frequent during the night
and-early morning hours, especially during the cold half of the year in the
Bay area and during the warm half of the year in thé éauthern California
area, In the latter case, fog is observed more than 50.percent of the time
around sunrise at Point Mugu NAS. Considering all hours ahd seasons, fog is
present on zbout 25 percent of the days at Alameda and on 40 percent of the
days at Point Hugu. ' |

D. TRACER STUDIES

Tracer studies are conducted by releasing known quantitles of a read11y
detectable, 1nert gas into the atmosphere and samp]:ng the atmosphere for
concentrations of that gas in areas to which an air.parcg] could be gxpected
to be transported.: The characteristics of the _transport and dispersian of air
pollutants and wind patterns can thus be discerned by the tracer
concentratlons in the samp11ngs.

Dur1ng September and October 1980, Meteoralogy Reseérch, Iﬁc.'(MRI}, and’

investigators from the Californfa Institite of:Technologyf(Caltech)'conﬁucte¢-_

" tracer studies in the Santa'éarbafa Channel area.gg/_.A detailed sum@ary of

those tests is appended to this repert as Appendix H-Z,V The appendix-cansists"

of the first fifteen pages of the report, Tracer Investigations of Atmospheric

Transport -Into, Within, and Qut of the Santa Barbara Channél and the Coastal'_

Areas of Santa Barbara and Yentura Counties, January 15, 1981.

The MRI/Caltech tracer studies were performed.hy conducting six releases

of sulfur hexafluoride {SFS) as the tracer'gas in and arcund the Santa

Barbara channet area. Over 2,240 hourily-averaged samples, obtained at fixed

sites aTong the coast and in]and, and about 70,000 grab samples obtained
during traverses by automobiles, airplanes, and boats were.collected during -

‘the studies,

96—

2006/P373-A02



FIGURE VI-15

PERCENTAGE OF OBSERVATIONS' REPORTING FOG
(Visibility Less Than 7 Miles)
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The general aspects of fhe transport and dispersion were remafkah]y
consistent from test to test. During each test, a major portion of the tracer
ctoud was transported efficiently onshore by the afternoon sea breeze. The
transport of pollutants Ee?eased from the Point Conceﬁtion region was
influenced by an.eddy centered around Gaviota. This_eddy tranéportéd the
tracer material in 2 cpuntef-c]ockwise motion into the middle of the channel,

and then back to:the coastal zone east of ET Capitan. Over the water, the
. tracer was transported Tong distances with very_iittle dispersion n the
vertical dfrect{on. In one case, for e%amp]e, the tracer was transpor;ed
downwind over &0 kilometers (40 miles), but spread only 150 meters {500 Teet)
#erticallf. Such results-élear}y indicate that pb]iutant emissions from
saurces located in California ansté] Waters result in downwind concentrations
of those pol]utants onshore. In addition, these tracer releases indicaté that
the air over the gcean is substantial]y more stab]e than over Tand
A second general feature observed is that the d1urnai reversals of w1nd

‘direction associated with a Iand “sea breeze c1rcu1at1on system can cause -
:offshore pol]utants to per51st in the coastal area for long periods of t:me
For examp]e, in one test the tracer was released over a five- hour pericd, and
k the tracer material was detected at onshore sampling stat1ons ]ucated along a
'coastal distance ‘exceeding 50 mlles. The “tracer was detected 1n.the coastal
reg:on for over 19 consecutive'haurs. Peréfstence, as indicated by these )
results, appears to be a character:stic of offshore plumes d1spersed under the
cond1trons of diurpal reversals in wind dlrect1nn Such conditions occur
frequently along the entlre California coast. .

These tests show that, during meteorological cundttions that ex1stea
during the tracer releases _pollutants emitted v1rtual]y anywhere in the Saﬁta

Barbara Channel will be transported onshore. The tracer tests also ndicate
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that, during these mefeérologica] conditions, very little dispersion occurs
over watér in the vertical direction and, as a comasequence, pq])utant l
concentrations downwind will be elevated. The.“flpw reversa)sf which commonly
occur between offshore and onshoré winds indicate that pollutants released in
the Channel can persist for long périods in the coastal area. At this time,
it has not been determined how_fqr inland the poliutants emitted'iﬁtq the
Channel can be trapsported. However, a study.by'Driyas and Shairgg/_has
confirned that atmospheriﬁ transport occurs from the Oxnafd Plain {Coast of
Veﬁtural_into the San Fernéndo V?]]ey of the South Coast Afr Basin,

“In 1977,_a7tracer“study was conducted in and around the Santg Monica Bay’
to determine the fate'of emissians from coastai‘gources jn_the characteristic
diurnal ciréulation-system in the Seouth Coést-Air Basin.gl/:.SFﬁ was .

released from a stack at Southern California Edison:COmpany's,E]_Segundo
Generatfng Statiqn beginning_at midnight on guly 22, 1977. andzending at

5:00 a.m. that day.  The release_nf_a'fotaI-pf 90 kiibgraﬁs;of‘SFa was. made
dﬁring=the.nighttfme land breeze. _Mohitoripg;stétfons along the coast began
to detect the tracer gas befng.transported.baék to shore as eafly as 8:00-3.&.
6nJJu1y'22.' Mass balance calculations further ghowéd that the déytime sea
breeze had_transﬁartgd all of the tracer materia} 5ack aqfoss'the c&a§t1ine.by
4;00 ﬁ.mi.on thaf saﬁe day._-The st&dy ;yuwsltﬁe occurrence nf—nef positive
tranquft of "fresh" marine air into the air basin_desbite-the diurnal’
Vcir§u1étion_sy§;§m,_as well as showing the recycling of pbllutants from the
_land mass:tb sea, and back to ]andrdufing-the sea bréeze—land_breeze régimg.

Another study conducted in 197?'invo1§éd tﬁe.qse of dual tracers. This
study was desighed to determine fhe onshoré impact Eegion of emissions froﬁ

vessels operating along shipbing lanes off the South Coast Air Basin and in
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the Santz Barbara Channel. The tracer releases were made from the U.5. Naval
- Postgraduate Schoo1 Research Vessel “Acania" as it moved along the

northwest- bound shipping lane between Long Beach and Santa Barbara. The path
’ of the "Acania" as releases were made is shown in Figure VI-16. A samp1tng
network was established along a section of the coast between Long Beach and
ﬂVentura Tuenty—nine sites were chosen to locate hour]y—average samplers
'The Iocations of those sites are shown in Figure VI-17,

. The study started on July 26, 1977, with dual tracer gas ré]eases at 0530
PDT pear Long Beach and was terminated af 1730'PDf in the Santa Barbara
'ChanneI; Sulfur hexafluoride (SFS) Qas re]éased at the rate of 80 1bs/hr
doriog fhe-ontire teSt as the research,resse1 proceeded northwest from Long
Beach to the Santa Barbara Channe! 8 to 20 miles offshore.

7 Bromotrifluoromethane (CBrfg) uas_re]eased-as 50 Tbs/hr between 0530-0830

- PDT at the start of the test and again between 1230-1730 PDT on the Tast

. seguent of the route. These twg segments'are shown as cross-hatched areas on
Figure V1-16. ' ' o |

. Both tracer’ gases were detectad at samp11ng stations along the entire
Tength of the sampllng network The bulk of the tracer gases began to be

detected about 0900 PDT fol]ourng the onset of the sea. breeze. The measured

'concentrataons were used in preliminary ca1cu1at1ons to prov1de estimates that

significant amounts of bath tracer gases released offshore returned across. the
.coast between ‘the sampling network and the top of the mixed layer.

The results of this tracer test support the results of:other_tracer
studies and the ana!yses of'historical climatological data that show, thé
transport of offshore emfssions to onshore areas most of the tlme and

partrcularly durTng the summer,
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E. MODELING

.Computer models designed to sfmu]ate, through mathematicé]lequafions,.the
transport, dTSperSion, and, sometimes, the chemical transformation of
pollutants in the atmosphere can_Be used to estimate shoreside concentratiods
" of puTIutants released offshore. However, due to inadéquate mode]ing
formutation or lack of inpui data, models can predict contentratinns of
pollutants appreciably different from measured values. - In this report, the
demonstratfon of onshore transport.of offsﬁore emissions fs'based on tfacer
_stud1es and meteoro1og1ca] -analyses. o -

A series of screening modeling exerc15es were perfarmed by the ARB staff

and by Environmental Research & Technology, Inc. {ERT] to 1dent1fy the upper
31m1t aof air qua1ity impacts of sulfur d1cx1de em1551ons on receptors in the

South_Coast Air Basin, The ERT mode]1ng was perfunned under a contract from

the Western 0i1 and Gas Association, Three separate scenar1os were modeled by

the ARB staff: {1} emissions from-vgssels w1th1n the Ports.o{ Lq; Agge1es and

Long Beach; (2) emissions from a single ship moving'northwest along the coast;

-and (3) emissians from a tanker un]oadfng at E1 Segundo.. ERT. aIsu modeled
 ;cenarJos (2) and (3). Both the ARB staff and ERT used Gauss1an air quaiity
ﬁodels and considered shoreljne fumtgat1on cond1t10ns to‘determ)ne the maximum
one-hour oﬁshofg'éoncentratidns of sulfur dioxidé. _an offshore sources, it
“uas:553umed thaf a p]uﬁe traveled from a soﬁrc§:f5hip'5 staék) to- the

coastline under stable conditions. At the co;siline. erosfon of the inversion

layer often Qegfni.dUe to the thermal heating of the ground surfice resulting

in fumigation.. The dispersion coefficients used by the ARB staff and ERT,
although different, are based on studies of atmospheric dispersion over

‘water. The ARB staff relied on the study results presented in a report
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prepared by the California State Lands Commission (1932}§§f while ERT relied
on resu1ts reported by Schacher, et al. (]982) 33/ Details of the ARB staff.
and ERT's modeling analyses are presented in Appendfces F-1 and B-4
respectiveiy. The fo110wfng briefly describes the resuTts.bf the ARB and ERT
'modeling aha]ysés.' _ '

* The oné-hour air quality analysis of emissions from ships in the _
-Los.Angéles—Long Beach harbor area, as modeled by the ARB staff, assumed an
enission rate 6f78.4 tbné per day of sulfur dioxide for that “area source.®
.Unﬁgr a fumigation scenario, the maximim oﬁe-hour ground level sulfur dioxfde
concentration, above ambient Tevels, is estimateﬁ at 99 micrograms per cubic
mefef (dQ/m3)- This value occurred about I.GImiIES'inland from the
shoreline and can be_c§mpaked uith-the CaJﬁfbrnia one-hour standard of
];31D'ug/m3. On_quehber.TB, 1983, the Boar& ;pprnveﬁ a new'1-hohr standard
for ambient concentrations of sulfur dioxide of 0.25 pom or ahbut '
655 uglm3 That standard will be in effect fol]owung its approval by the

Of fice of Adm1n1strat1ve Law,

The emi ssions 1mpact of a sh1p moving aTong the cuast was medeled by bothf

the ARB staff and ERT by assuming a continuous mov1ng source at vany1ng

distances from the coast. The maximum onshore one-hour ground ]evel

: concentrat1nn of su]fur dioxide (above. ambtent Ievels), ‘as wodeled by - the ARB'

staff, 15 7 ug/m . The ERT ana]ySIS shows 2 maximum estlmated ground level
sulfur dioxide concentration of 5.1 ug/m . The deference between the two

'results is attr1butab1e to differences in the’ turbu1ent parameters and model

. fornulations used by the ARB staff and ERT,
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The third scenario modeled was for a tanker unloéding at Chevron's
offshore terminal at E1 Segundo.. The ARB staff anmalysis shows that, under
fumigatién conditicns, the emissions from such a tanker resulted in a.maximdm
one-hour ground level sulfur dioxidé concentration, above ambient levels, of
394_ugfm3. That value is ﬁredicted to occur-1.4 miles inland from the
coastline. The ERT analysis resulted in a maximum oné-hodr'ground level
su]fuf dioxide concentration, Qbove_ambient levels, of 127 ug/ma.. Again,’

“the _di fference bet\_nreen the ARB and ERT results is atﬁributab]e to differences

in turhuient parameters and model formulations used by the ARB staff and ERT.

The modeling performed by the ARB staff provides an upper 1imit estimate for
the worst—casé situation. ERT argues that the ARB staff applied a modeling
fqrmuiatidn'and oyer-wafer turbulent parameters that are not based on the best

available theoretical and experimental information.. However, the ARB staff

- be]ieVes'that based on the offshore meteorology for worst-case conditions and

the 11m1ted data bases ava11ab]e to character:ze over-water d15pers:on of- a1r
po]]utants both modeling approaches are adequate for a screening ana]y51s.
The est1mates presented in this report probably represent- the range of_the
upper l1m1ts of su]fur dloxtde concentrat1ons that may occur for . the
:condit1ons simulated, B

The concentrations. discussed gbéﬁe are in agdiifon:to.concéntfétjons

' resulting from emis;ions from othér.saurcés. The 6ne~hqur_air quéiity
“standard'for su]fﬁr dioxide is 1 ,310 ug/m3;. On November 18, 1983, the Board
.approved 2 new l—hour standard for amb1ent concentratlons of su]fur d10x1de of
0.25 ppm or about 655 ug/m That standard w1l] be in effect. fo1low1ng jts

approva] by ‘the Offlce of Admtnistratlve Law.
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F. AIR QUALITY IMPACTS OF MARINE VESSEL EMISSICONS
There are health-related air quality standards for sulfur dioxide,

“sulfates, total suspended particulate {TSP), and ozone in alifornia. There

. is also a standard for visibflity. The standards for sulfates, TSP, and ozone

are frequenttly vio]ateﬁ in éoastal air basins. The question is, “What is-the
contribution of marine vessel emissions to the degradation bf air quality
compared to emissions froﬁ aother soUrces7“ To answer that question, we have
shown that the meteorology of California's coastal areas results in em1ss1ons
from marine vessels genera?]y being transported to inTand. coasta] areas. In
‘addition, the results of tracer studies show that po]]utants enitted by marine
vesse]s are transpcrted to shore during re]eases in meteornlogwca] regimes
typical_of California's ;oastllne. To compare the feTative-impact of'various
sources, it is common to consider.an air basin as a large box in whiéh all of
-theﬂpo11utants.become}mixed The re]atrve impact of a part1cu1ar source is
detérmined by ca]cu1at1ng its fract1onaT or percentage contr1but1cn te tcta1
emissfons. Table Vi-8 compares su]fur d1ox1de-em15510ns-fr0m a]] sources with
. sulfur dioxide emissions from marine vessels 1n each of the coasta] air baSIHS
from San Francisco to San Dtego Table VI—8 shows that sulfyr daoxwde '
' _em:ssmns from marine vessels range from 8.2 percent of total. sulfur dloxlde
-;emiss1ons in the San’ Diego Air Basin to 21.8 percent in the quth Central
© Coast Air Basin, averaging 12.0 percent in the coastal air basins sﬁown in the
table, Therefore,'using'the box mude],.marine vessels would account for the
g‘:same percentage of émbient sulfur dioxide and sulfate concéntrations.
- Be;ause sulfur dioxide becomes, in large part,.suspended pértiéulafe
matter, marine vessels wbu1& contribute iu ambient TSP. Assuming that
one-third of visibility reduction is caused by suifate particles, about 4
percent of vrs1b111ty reduction in coastal areas is attributable to emissions

from ships,
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Tablé VI-8

COMPARISON OF AVERAGE DAILY EMISSIONS OF
. SULFUR DIQXIDE FROM MARINE VYESSELS WITH EMISSIOQNS OF
SULFUR DIOXIOE FROM ALL SOURCES IN CALIFORNIA COASTAL AIR BASINS

1979
" Emissions of Sulfur Emissions of Suylfur Dioxide
: ) Dioxide from All From Marine Vessels

“Air Basin - Sources
: Tons per day Tons per daydf Percent of Total
_San_Franéisco 195.9 ©26.1 _ o 13.3

Bay Areaz '
North. Central 33.0 7.2 | - 21.8
- Coast _ : _ . :
South Central 88.8 15.7 7.7

" Coast - _

_ South Coast 262.4 22.6 8.
San Diego . 55.9 - 4.6 8.2
A1 of the < 636.0 6.2 ) 12.0

Above . o : - o

2/ Sea lane emissions were apportioned to coastal air basins by traffic

“activity and by dividing the coast south of the Sonoma-Mendocino Courty
line into & zones by extending to the west the air basin boundaries at
the coast and ratioing the north-south distances. between those extended

boundaries to the total north-south distance between the Sonoma-
Mendocino County line and the boundary of Califernia and Mexice.

Sources Air Resources Board staff.
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The preéurscrs to ozone are_atmbSpheric hydrocarbons and oxiﬁes of
nitrogen. Control strategies fof ozone have émphasized hydrocarbon
reductions. Table ¥I-9 compares hydrocarbon emissions from a1l scurces with
hydrecarbon emissions from marine vessels in each of the coastal aif basins
from San F;anciscu to San Dieéo. "Table ¥I-9 shows that hydrocarboh emissions
from marine vesse]s range from 0.5 pertent of the total hydrocarbon emissions
.from a1l sources in the South Coast Air Basin to 3.4 percent 1n the South
Central Coast Air Basin, with an average 1n_those_coastal air basins of 1.0

percent. Therefore,:usihg thé box model, hydrocarban emissions from marine
vessels would account on the average for from 0.5 to 3.4 percent of ambient
czone concentrations in fhofe-coastal éfr basins. Hydrdcafboh emissidns from
:tankers and barges on-a g1ven day can be severa] times the average da11y rate
_because of the event-re1ated nature of emissions. Therefore, the contr1but1on
to ozone concentrations’ would also be severa1 times. the average dalTy
contribution on those days. Hydrocarbons are, in substantial part, converted
to suspénded particu]afe'matter in the atmosphere. Therefore, tanker and
barge hydrocarbon em1ss1ons make a contr1but1on ta amb}ent TSP concentrat1ons

and to V151b111ty reduction._"

The fore901ng contributions of sul fur dioxide and'hydrocarbon emissions

to air quality degradation may seem small to some réaders, but it must be .
borne in mind that neérly all sources of emissions are very small coﬁpared to

total emissions. = Therefore, it is necessary to consider controls on all

sources of emissions, using cost effectiveness as the criterion for regulation.
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Table VI-9

COMPARISON OF AVERAGE DAILY HYDROCARBON EMISSIONS
FROM MARINE VESSELS WITH HYDROCARBON EMISSIONS
FROM ALL SOURCES [N CALIFORNIA COASTAL AIR BASINS

1979
Emissions of _.' Emissions 6F,Hydrocarb0n§
. _ . Hydrocarhonsd/ From Marine Vessels
Air Basin From All Sources { =
Tons per day Tons per dayd/ . Percent of Total
San Francisco T 767 1.4 . 1.5 !
Bay Area : L o .
North Central : 106 L7 1.6
Coast ‘ ; ': =
. . i !
South Central . 182 - 6.2 i 3.4
Coast . . 1 .
South Coast. 1520 7.8 i 0.5
San Diego ' ar7 -t a3 0.8
AlT'of the 2852 29.4 1.0
fbove B _ : i' : o .
a/  Reactive orggnic:gases.

These are annual average hydrocarbon emissions from marine vessels.
Since most emissions from marine vessels are event-related, emissions
from vessels on a given day can be several times the above figures
shown. ~ In developing this table, sea lane housekeeping and breathing

emissions were apportioned to ceastal ‘air basins by tanker activity and
by dividing the coast south of the Sonoma-Mendocino County line into &

Zones. The & zones were developed by extending to the west the .air

basin boundaries at the coast and ratioing the north-south distances

between those extended boundaries to the total north-south distance
between the Soncma-Mendocine County line and the boundary of California
and Mexico. : . . .

Source: Air Resources Board staff. -
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Respanse:  The ARB concurs with this concern.

Santa Barbara County APCD Comment: I have éome real concerns that

the Toading of this particular crude or, the burning of high sulfur
fuels or the blowing of boilers at these near shore marine terminals

may impact more than just the reactive hydrocarbon inventory. In the i

coastal counties many of these marine terminals are near the . '

residential areas and often times are less than 5000 ft. offshore.
In many of our cases, it is.less than a thousand feet offshore and-
numercus complaints are received as a result of loading vapors which

contain hydrocarbons, hydrogen sulfide or mercaptans, or as a visible -

emission resulting from blowing of boilers or a cold start on 2
diesal engine, - . C
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To aid the reader, the following list of acronyms and/or abbreviations used throughout
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the document is provided.

Acronym
ARB

BATS
BNL
CATS
g/kWh
NOx
PMCP
PMCH
PDCH
PTCH
PDCB
POLA
POLB
SCAB
SCAQMD
SCOS97-NARSTO

SIP
TWG
UAM
U.8. EPA

Explanation
Air Resources Board

Automated Sequential Samplers
Brookhaven National Laboratory
Passive Samplers

" Grams per kilowatt-hour

Oxides of Nitrogen

. Perfluoromethylcyclopentane

Perfluoromethylcyclohexane
Perfluoro-1,2-dimethylcyclohexane
Perfiucrotrimethyicyclohexane
Perfluorodimethyicyclobutane

Port of Los Angeles

Port of Long Beach

South Coast Air Basin

South Coast Air Quality Management District

1997 Southern California Ozone Study-North Amencan
Research Strategy for Tropospheric Ozone
State Implementation Plan

Deep Sea Vessel/Shipping Channel Technical Working Group
Urban Airshed Model
United States Environmental Protection Agency

2006/P373-A02



EXECUTIVE SUMMARY

The Ports of Long Beach and Los Angeles, with ready access to Southern California's
extensive rail and road network, are two of the busiest ports in the nation. In 1998, the
Ports had a combined container volume of 7.3 billion TEUs (1 TEU is equivalent to one
20-foot cargo container unit) and moved goods worth 160 billion dollars. The Ports are:
integral players in the Southern California economy and are planning for continued
growth over the next 20 years as the global marketplace expands and results in
Increased international trade and commerce.

The coastal waters off Southern California are also key operational waters for the
United States Department of the Navy including the Pt Mugu Sea Test Range. Aside
from providing critical training, research and development, test and evaluation, and
olher operational assets, the Department of the Navy represents a $9.5 hillion direct
economic contribution to the San Diego economy, and a nearly $2 billion direct
egconomic confribution-to the Ventura County economy. - These installations exist in their
present lacation largely due to their proximity to these operationally-realistic and coastal
region conditions.

The emissions from ocean-going ships contribute to the air quality problems that have
long plagued Southern California. The strategy to improve air quality is identified in the
1994 Ozone State Implementation Plan {SIP). To address the emissions from marine
vessels, it includes controt measure M-13 “National and International Emission
Standards for Marine Vessels” that is assigned to the federal government and, amang
other things, commits to achieving approximately a 30% reduction in the cruising
emissions from ocean-going ships in 2010. M-13 did not mandate a particular control
strategy to realize these reductions but did identify two possible operational controls-
voluntary speed reduction and relocation of the existing commercial shipping lane to an
area further offshora. ' : '

The Deep Sea Vessel/Shipping Channel Technical Working Group (TWG}) conducted a
comparative technical analysis of the air quality impacts between two potential
operational control strategies for submittal to the United States Environmental
Protection Agency (U.S. EPA). Based on the technical analysis, which relied both on

data collected from a tracer dispersion study of ship emissions and model simulations of "

the emissions of NOx from offshore shipping and the resultant net onshore mass flux,
the TWG reached the following conclusions:

¢ Reducing the speed at which ships travel reduces the flux of NOx emissions that
reach onshore. The magnitude of the reductions is dependent upon the degree of

speed reduction and the distance traveled at the reduced speed with the reductions _

proportional to the distance traveled and the reduced speed.

¢ The impact of moving the shipping lane further offshore on the onshore flux of NOx

emissions is more sensitive to meteorological conditions. On some days thete is an -
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emission reduction benefit and on other days there is a disbenefit, depending on the -
specific weather and wind conditions.



|
INTRODUCTION AND BACKGROUND

This report summarizes a comparative technical analysis of the air quality impacts for
two potential marine vessel control strategies originally included in a proposed 1994
Federal Implementation Plan and subsequently incorporated in the South Coast 1984
Ozone State Implementation Plan (SIP). This analysis was conducted by the Deep Sea
Vessel/Shipping Channel Technical Working Group (TWG) for submittal to the United
States Environmental Protection Agency (U.S. EPA). The analysis was undertaken with
* the expectation that the U.S. EPA would incorporate the results of the analysis in a
public process to select an appropriate strategy for implementing the SIP measure for
marine vessels (M-13} that was identified in the 1994 Ozone SIP as a federal
assignment. The TWG only assessed the air quality impacts between the two control
strategies and did not address other issues that will need to be considered when formal
rule-making action takes place such as cost-effectiveness, technical and commercial
feasibility, and national security impacts. In this report, we provide a short review on the
need for emission reductions from marine vessels, the formation of the technical
working group and the technical approach used for the comparative analysis as well as

- the results from that analysis. Finally, we provide our findings and recommendations for
U.S. EPA to consider in its deliberation on control strategies for marine vessels.

A. BACKGROUND

The need for a comparative technical analysis between the two potentiat control
strategies became apparent during discussions on feasible ship emission reduction
strategies for the South Coast Air Basin (SCAB) and ultimately led to the formation of
the TWG. To provide perspective, below we briefly describe the need for emission

. reductions from marine vessels, the federal consultative process that generated a study
to collect additional technical data to improve the understanding of the impacts of ship
emissions, and the formation and goals of the TWG.

Need for Reductions from Marine Vessels

‘The SCAB violates the federal ozone standard mere frequently, and by a greater
margin, than any other area in California. The strategy to attain the federal standard for
ozone in the SCAB is laid out in the 1994 Ozone SIP, and relies on control measuras
that affect the entire range of emission categories, Including marine vessels. To
address the emissions from marine vessels, the 1994 Ozone SIP includes control
measure M-13 “National and International Emission Standards for Marine Vessels” that
is assigned to the federal government and commits to achieving a @ ton per day NOx
emission reduction in 2010 in the SCAB based on a projected 1990 baseline inventory.
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M-13 identifies several possible options for achieving the needed emission reductions
from marine sources, including national and international emission standards, and
operational conirols such as moving commercial ocean ships further offshore and |
reducing ship speeds. °

Public Consultative Process

While U.S. EPA did not agree that states have the authority to make a SIP assignment

to U.S. EPA, the Agency agreed that the Federal government shouid voluntarily help

achieve emission reductions from sources beyond the regulatory authority of the State,

particularly in view of the unique reduction needs of the South Coast, the only ozone

nonattainment area classified as "extreme" under the 1990 federal Clean Air Act

Amendments. As such, when the U.S. EPA approved the 1994 Ozone SIP in 1997, the

U.8. EPA committed itself to a “Public Consultative Process” (PCP) to work with the

* various stakeholders to investigate adoption and implementation of the measures to

. achieve the emission reductions assigned to the federal government (62 FR 1150-
1187). Under the PCP, U.5. EPA held a series of stakeholder meetings between
November 1996 and May 1998 to discuss strategies to reduce poliution associated with
the marine vessel sector. The federal PCP was formally concluded in 1999; however,
U.S. EPA committed fo continue a focused cooperative effort to agree upon the best
approach for achieving reductions from marine vessels. As part of a settlement
agreement with several environmental groups, U.S. EPA has agreed fo propose

. tulemaking for the federal assignments by the end of calendar year 2000 and complete
final rulemaking in calendar year 2001 (64 FR39923-27).

During the course of the PCP mestings to address marine emissions, three workgroups.

were formed including the Deep Sea Vessel/Shipping Channel workgroup. This
workgroup focused on control strategies for deep sea vessels. After numerous
discussions on various control options for deep sea vessels, the Deep Sea
Vessel/Shipping Channel workgroup focused on two plausible strategies for reducing
emissions using voluntary operational controls ~ reduce ship speeds and/or relocation
of the existing shipping lane. These strategies were originally identified in the 1994
Ozone SIP as potential candidates for consideration. Both of these operational controls
are potenfially controversial and the workgroup desired sound technical data on which
to base any decision.

Tracer Dispersion Study.

To gather the necessary technical data, the Deep Sea Vessel/Shipping Channel
workgroup prepared a Memorandum of Agreement (MOAJ} to implement a study to
examine trajectories of marine vessel air emissions. The study, entitled “Tracer

! The South Coast Air Quality Management District updated the Air Quality Management Plan of the
South Coast Air District in 1997. In this update, the M-13 confrol strategy was unchanged but the
emission reduction commitment was increased to 15 tons per day, reflecting an increased estimate of the
total NOx inventory for marine vessels that was made in 1986. On April 10, 2000, U.S. EPA finalized
approval of the czone portion of the revised plan. (65FR18903)

4.
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Dispersion Study of Shipping Emissions During SCOS-NARSTO” (tracer study), was
designed fo gather sound scientific data on which to base decisions on the transport of
emissions from vessels using the existing and an alternative shipping channel. .
Signatories to the MOA included the U.S. EPA, the ARB, the South Coast Air Quality
Management District (SCAQMD), the United States Navy (U.S. Navy), the Ports of Long
Beach and Los Angeles, the Steamship Assocciation of Southern California and the
Pacific Merchant Shipping Association, each contributing monies to fund the $400,000
tracer study. Two contractors were selected to conduct the technical aspects of the
study, Brookhaven National Laboratory and Tracer Environmental Sciences and .
Technologies, Inc. (Tracer ES&T) The primary objective of the study was to obtain
direct evidence regarding the relative impacts of pollutants emitted from offshore
sources on onshore air quality, specifically from the current and an alternative proposed
shipping lane. The study was also designed to provide valuable data to validate
existing meteorological modelfs and to link the study with the 1997 Southern California
Ozone Study-North American Research Strategy for Tropospheric Ozone (SC0s897), a
large-scale intensive research effort intended to generate updated data regarding ozone
episodes in southern California. Parallel to this effort, U.S. EPA contracted with
Arcadis, Geraghty, & Miller to assess the benefits of future emission standards and
alternative strategies, including a strategy to reduce ship speed. '

Deep Sea Vessel/Shipping Channel Technical Working Group

As part of a commitment to participate In the federal consultative process the Air
Resources Board (ARB) convened a technical working group in the summar of 1998.
The goal of this working group, the “Deep Sea Vessel/Shipping Channel Technical
Working Group” (TWG) was to ensure the analysis of the scientific data resuits in a
clear understanding of the air quality benefits of two alternatives under consideration -
relocation of the existing shipping lanes and voluntary speed reduction. Members
include those parties that had participated in the Deep Sea Vessel/Shipping channel
workgroup that was established under the federal consultative process. Participation

“was open to the public, but invitations were initially extended to representatives of the
SCAQMD, ARB, U.S. EPA, the Ports of Los Angeles and Long Beach, the U.S. Navy,
Pacific Merchant and Shipping Assoclation, Steamship Association of Southern
California, the City of Los Angeles, the U.S. Coast Guard, and the Coalition for Clean .
Air.

The primary goal of the TWG was to perform a technical analysis of the two
alternatives, relocation of the existing shipping lanes and voluntary speed reduction,
that incorporates the results of the tracer study. The TWG met approximately bi-
monthly over a 2-year period beginning in June 1998. At the meetings the members
-discussed and reached consensus on the approach for the comparative technical
analysis of the air quality impacts of the two alternative operational controls under
consideration, the data inputs {emissions inventory) for the technical analysis, analysis
of the tracer study results, and the recommendations for U.S. EPA. As mentioned
earlier, the TWG only considered the air quality impacts and did not address the other
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factors that may need to be considered when a decision is made regarding the most
appropriate operational control for marine vessels.
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POTENTIAL EMISSION CONTROL STRATEGIES

The two key operational emission confrol strategies that emerged during the
discussions on emission controls for deep sea marine vessels were a voluntary speed
reduction option and relocation of the existing shipping lanes further offshore. Both of
these options involve. modifications to the way ships are normally operated as a means
to generate emission reductions. In this chapter, we briefly describe the two operational
control strategies and provide a brief synopsis of the technical approach used to
compare the air quality impacts between the two options.

A. VOLUNTARY SPEED REDUCTION

Reducing the speed of a vessel results in emission reductions from the propulsion
engines. Atreduced speeds a ship requires less power from the engine to move the
ship, which tends to decrease emissions. While reducing the speed also results in more
time to travel a given distance, the overall emissions are lower because the emissions
associated with the increased travel time is less significant (linear with ship speed) than
the decreased power requirements {power is approximately proportional to the ship
speed, cubed) (ARCADIS, May 6, 1999).

Ships traveling along the existing shipping lanes travel at various speeds, the speed
being dependent on several variables. Data collected on ships arriving at and leaving
the Ports of Long Beach and Los Angeles for a 60 day period in 1998 (September 22-
November 22, 1998) reveals a range of speeds. In Table -1 we summarize the
average cruising speed for 3 ship types. These speeds were recorded at the 25-mile
line off shore and for all practicable purposes one can assume that at that point, the
ships are operating at cruising speed. (McKenna, January 6, 1999) Once the ships
enter the pracautionary zone, an area approximately 5 miles from the breakwater, the
_ ships are required to travel at a speed limit of 12 knots.? About one mile from the
breakwater the ships slow to about 5 knots to take on a pilot and then maneuver into the
harbor at low speeds. -

2 The emissions impacts from this voluntary speed reduction requirement that was instituted on

March 1, 1994 was not accounted for in the projected 1990 baseline inventory used in the 1994 Ozone
SIP, but was reflected in the inventory used in the most recent 1997 SIP revision for the South Coast. In
the 1997 SIP, we estimate there was approximately a 6 percent reduction (about 1.7 tons per day) iri the
projected baseline emissions that can be attributable to the precautionary zone speed limit. .See
Appendix B for methodology. .
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Table (-1

Average Speed by Ship Type
Ship Type | Cargo Carriers Passenger Liquid Bulk Carriers
Average MAREX 17.9 13.60 13.68
Speed, knots
Average Design - 19.58 20.40 15.31
Speed, knols '
Count : 1341 111 231
Average Count - 22 2 4
per day

Notes: Cargo Carriers include container ships, auto carriers, breakbulk etc. The average MAREX
speed was calculated from data collected by the Marine Exchange on ships traveling the existing
shipping lane from September 22 tc November 22, 1998. The average design speed was obtained
from Lloyd's Maritime Information Services, Inc.

As indicated above, reducing the speeds below these observed values will result in
emission reductions. The TWG explored various speed reduction scenarios considering
the reduction in speeds, the distance over which that lower speed would be In effect,
and the reasonableness of implementing the speed reductions. Three test cases were

identified to be evaluated in the comparative analysis of the air quality impacts between -

the two operational confrols. While the TWG acknowledged that the U.S. EPA will need
- fo take into consideration many factors when designing a control strategy, these test
cases were believed to bracket the range of potential speed controls that would
-ultimately be considered by the U.3. EPA.

The first test case or scenario was extension of the precautionary zone speed limit of 12
knots to 20 miles offshore. In this scenario, ships that had been traveling in excess of
12 knots in the waters past the precautionary zone would reduce their speeds to 12
knots. The second speed reduction scenario is to extend the 12 knot precautionary
speed limit to the overwater boundary3 of the SCAB waters; and last, the third test case
was to require a speed limit of 15 knots between the overwater boundary of the SCAB
and the precautionary zone. In each of the scenarios, it is assumed that ships traveling
in excess of the speed limit would reduce their speeds to that limit, and that ships
traveling at speeds lower than the speed limit would not increase their speed to the fimit
specified. Itis also assumed that no other changes in the ship operational procedures
would occur, i.e. ships would not speed up beyond the restricted area to make up time
and ship speeds both while traveling in the breakwater and maneuvering within the
ports would remain the same. For illustrative purpeses, in Figure 11-1, we have provided
a simplistic representation of the base case and 3 speed reduction scenarios.

® The overwater boundary of the SCAB is delineated by straight line extensions perpendicular to the coast
of the averland SCAB boundaries (the Ventura-Los Angeles County line fo the north and the San Diego-
Qrange County fine to the south) out to the point where the straight line extensions intersect with the
California Coastal water boundary — approximately 100 miles offshore in the SCAB.

-8-
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Figure II-1 .
Voluntary Speed Reduction Test Scenarios
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B. RELOCATION OF THE SHIPPING LANE

The second operational control evaluated by the TWG is relocation of the shipping lane
to a region further offshore than the existing lane. The approved 1994 Ozone SIP
included a commitment to evaluate movement of the shipping lane based on the
premise that movement of the shipping channel further off the coast would reduce the

- impact of marine vessel emissions on air quality in the SCAB. The existing shipping
lane traverses the coast at approximately 10-15 miles offshore. While the 1994 SIP did
not specify a location for a relocated shipping lane, it was originally proposed in the
1994 Federal Implementation Plan (FIP} for the South Coast Air Basin to move the
shipping lane to further than 25 miles offshore (approximately 6-10 miles off the
Channel Islands). Several of the TWG members indicated that the proposed “FIP”
shipping fane may not be realistic due to a sharp “dog-leg” in the path directly outside
the port and the fact that it passes through the U.S. Navy test range at Pt. Mugu.
However, because the tracer study released the tracer gases in both the existing
shipping channel and the proposed FIP shipping lane, the TWG agreed, for the
purposes of the comparative analysis, to limit the comparison of the emissions impacts
to these two tracks. The proposed and existing shipping lanes are depicted in

Figure II-2 below. ' . .
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Figure il-2 -
Existing and Proposed Shipping Lanes for the Ports of
l.os Angeles and Long Beach
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During several of the discussions on relocation of the existing shipping lane, the TWG
identified parameters that may change if ships are required to travel in a shipping lane
further offshore.” These included speeding up to make up the additional time needed to
travel a longer route and ships potentially having to idle outside the missile test range
prior to passage.  However, the TWG agreed that trying to predict any changesin =~
operational patterns was outsids the scope of this comparative analysis and that for the -
analysis baing prepared by the TWG, it will be assumed that ship operational
characteristics will be the same for ships traveling in the proposed and existing shipping
lanes, with the only difference being the travel route.

C. TECHNICAL ANALYSIS APPROACH

To evaluate the air quality impacts from the two potential control strategies, the TWG:

1) used the results of the tracer tests to provide a measurement based assessment of
the onshore impacts between the proposed and existing shipping lanes; and 2) used an
air quality dispersion model with a windfield that has been validated with the tracer data
to perform a comparative analysis between the two contro! options by quantifying the
differences in ship NOx emissions that reach onshore in the SCAB. September 4th and
5th, 1997 were selected for the model simulations since they were both a tracer release
event and an episode day for the SCOS97. Photochemical modeling was outside the
scope of this effort due to the lack of a complete emission inventory and time
considerations, but will be used when the SCAQMD develops a comprehensive AQMP
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in the 2001 timeframe. At that time, phofochemical and other air quality models will be
used to assess both the ozone and fine particulate matter impacts from afl sources,
including ships,

To accomplish these assessments, several tasks were undertaken to provide the
necessary technical data. These tasks are briefly described below and in more detail in
the following chapters.

Baseline Emission Inventory: Baseline day-specific ship NO, emission inventories were
developed based on the best available data. Information on individual ship type, speed,
travel route, and composite data for ship types for stack height and temperature were
used to generate the baseline inventory for August 3-7, 1997. The period August 3-7,
1997 was selected as representative because high ozone levels typical of a high ozone
summer day were measured during that time period, and the ships operating in the

SCAB waters during that period were a representative crass section of ships that call at -

southern California ports during the summer ozone season.

Emission Inventory for Proposed Control Options: NO, emission inventories were
created for both the proposed and existing {baseline) shipping lanes as well as for the
three speed control scenarios selected for evaluation using the same methodology as
for creating the baseline emission inventory. '

Gridded Emission Inventory: The baseline and proposed control option inventories
were gridded using an ARB shipping emissions model. This model grids ships as
moaving point sources and pravides estimates of hourly resolved emissions for each 2km
grid cell.

Tracer Data QA/QC and Normalization: Because of unforeseen problems, adequate
funds were not available to have the contractor complete the analysis of the tracer data
as originally planned. In lieu of generating additional funding to complete the analysis,
and to ensure that the original objectives of the tracer study were met, ARB staff
completed the analysis in consuitation with the TWG. This work entailed reviewing the
data generated by Brookhaven to verify its completeness and clarity and to review the
data for outliers or otherwise questionable or non-representative data. The data were
also normalized to account for differences in tracer release amounts, chemical
characteristics, and ship speeds.

Assessment of Tracer Results for the Existing and Proposed Shipping Lanes: To

compare the atmospheric impacts for releases in the existing and proposed shipping
lanes, the normalized average station tracer peak concentrations for the morning and
afternoon tracer releases were calculated for Ventura County, SCAQMD, and San
Diego County on each of the tracer release days. The ratios of impacts {(average
normalized station peaks} from the proposed shipping lane to those in the existing lane
for the SCAQMD were then developed for each of the comparabie releases. Ratios
less than 1.0 imply greater dispersion from the proposed lane and ratios greater than
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1.0 imply less dispersion from the proposed lane. Ratios near 1.0 imply similar
dispersion for the two lanes. -

Windfield Preparation and Validation: A windfield validation analysis was included as
part of the windfield development process and peer review was provided by a group of
meteorclogists and air quality modelers with expertise in the southern California region.
To validate the windfield, the observed concentrations from the fracer experiment on
September 4, 1997 were compared with the simulation results using the CALMET
meteorological model and the CALGRID air quality model. Two approaches were used:
1) comparison of the relative distribution of mass from tracers released offshore through
vertical planes defined from line segments representing each of Ventura, Los Angeles,
Orange, and San Diego Counties; and 2) comparison of observed and simulated tracer
distribution ratios (X/Q)

Model Simulations: An Eulerian air quality modeling system (CALMET meteorological
model and CALGRID air quality model) was applied to two episode periods

{August 4-7, 1997 and September 4-5, 1997) to assess the relative impacts of shipping
emissions from the shipping lane and speed scenarios representing each control
strategy. For each of the control scenarios the emissions of NOx from offshore shipping
were simulated and the net anshore mass flux into the SCAB was calculated.
Comparisons of the mass flux among the scenarios were made for each day of the two-
episodes simulated. :

Comparative Analysis: The results from the modeling analysis and tracer analysis were
compared to arrive at qualitative conclusions regarding the air quality impacts of the two
. shipping control strategies. Results of the tracer analysis allowed for comparison
between the proposed and existing shipping lanes by providing an estimate of the
dispersion onshare of NOx emissions released from transiting ships. The modeling
simulations provided for a comparison between the two proposed control strategies
{movement of the shipping lanes and voluntary speed reductions) as well as a
comparison between the 3 speed reduction scenarios that were identified. -

Throughout the working group process, a number of issues were raised on which the
TWG reached consensus that the issues were beyond the scope of the comparative
analysis being conducted by the TWG, These issues are described in Appendix A
“Scope of Analysis.” - '
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